Introduction
Children and adolescents with disabilities are characterized as having impairments in body structure and function, limitation of activity and social restriction in accordance to International Classification of Functioning, Disability and Health (ICF). 1 ---6 Disability is a generic term and may involve neurological, musculoskeletal, metabolic and burnedrelated conditions in the childhood and adolescence. 7 Considering different levels of disability, these individuals can present low bone mineral density, altered body composition, decreased levels of muscle strength, instability, reduced walking capacity, reduced gross motor function, and activities of daily living performance. 8---10 Furthermore, children and adolescents with disabling conditions have reduced levels of habitual activity compared with their typically developing peers, as recommended by guidelines. 11---14 These individuals are limited to engage in some physical activity programs due many barriers, such as sedentary lifestyles, motor deficits, social and recreation opportunities, or low motivation to be physically active. 15 New approaches have been used to minimize deficiencies and activity limitations of these population, 16 such as the use of whole body vibration (WBV).
WBV has become a very popular treatment for disabilities in children, 17 adolescents 18 and adults 19 over the last decade. WBV is a type of training that uses highfrequency mechanical stimuli, which is generated by a vibrating platform and transmitted through body to load bone and stimulate sensory receptors. 12 Previous studies using WBV showed improvements on muscle strength, lean mass, bone mass, stability, gait capacity and gross motor performance. 20---23 Although WBV is used in clinical practice by physical therapists worldwide, its effectiveness in children and adolescent with disabilities is still unclear due to limited methodological quality of previous studies. 24---31 A previous systematic review investigated effects of WBV on health-related physical fitness in children and adolescents with disabilities. 32, 33 Authors reported that WBV may be effective on disabled children and adolescents' health; however, they included low quality studies (i.e. not randomized controlled trials), did not assess risk of bias of the included trials, and meta-analysis was not conducted. 31 Moreover, the role of WBV in physical rehabilitation in children and adolescent with disabilities is uncertain because training can be used alone or in conjunction with other interventions, 14 once there is the possibility that the scientific evidence of one intervention differs from the effect of the other and even from the combination of both. 34 Therefore, in an attempt to address these gaps, the research question for this systematic review of randomized controlled trials was: is WBV alone or combined with other interventions more effective than minimal or other interventions in children and adolescent with disabilities?
Methods
This study was a systematic review with meta-analysis. Review followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement, 35 and its protocol was prospectively registered at International prospective register of systematic reviews (PROSPERO) 36 (CRD42017060704).
Identification and selection of the studies
Search strategies were conducted on Medline, AMED, Embase, Cochrane, SportDiscus, CINAHL and PEDro in September 2016 and updated in June 2018, without language or date restrictions. Descriptors used in our search strategy were related to ''randomized controlled trials'', ''children'', ''adolescent'' and ''whole body vibration''. We also hand searched identified systematic reviews in the field.
Screening of identified titles and abstracts, and assessment of potential full-texts using our eligibility criteria was conducted by two independent reviewers (ACRC and HRL), with discrepancies resolved by a third reviewer (VCO).
Assessment of characteristic of studies Quality
The methodological quality of the included trials was assessed by extracting the PEDro score from the Physiotherapy Evidence Database (www.pedro.org.au). 37 If the trial was not included in the database the score was assessed by two independent reviewers (ACRC and HRL) using the 0---10 PEDro scale. A third reviewer (VCO) resolved Evidence of WBV in pediatric rehabilitation 3 discrepancies. The PEDro scale assesses 10 criteria and final score ranges from 0 to 10, with greater scores meaning greater methodological quality. 37 Reviewers were trained a priori.
Participants
In the current review, disability was defined as a complex phenomenon which covers impairments, activity limitations and participation restrictions according to definition of World Health Organization (WHO). 6 Studies were eligible if they included randomized controlled trials that investigated the effects of WBV in children and adolescent with disabilities, such as neurological, musculoskeletal, metabolic and burn-related conditions.
Intervention
The experimental intervention was WBV which was defined as any mechanical stimulus characterized by an oscillatory motion generated by vibrating devices using two different systems: (a) reciprocating vertical displacements on the left and right side of a fulcrum; (b) the whole plate oscillating uniformly up and down. 32, 33 Trials were considered for inclusion if they compared WBV to minimal intervention (i.e. no intervention, waiting list, placebo and sham) or additional effect of WBV compared to other interventions.
Outcomes
We were interested on primary (related to body and structure and function: lean body mass, bone mineral density, muscle strength and overall stability) and secondary outcomes (related to activity and participation: gait speed/walking distance, gross motor function, self-care and mobility), according to Classification of Functioning and Disability and Health. 6 
Data analysis
Data were extracted by two independent reviewers (ACRC and HRL), with a third reviewer (VCO) resolving potential discrepancies. Extracted data included characteristics of included studies (i.e. participants, interventions, outcomes, and type of platform), and outcome measures (i.e. means, standard deviations, and sample sizes). Outcome measures were extracted for short-, medium-, and longterm effects. Short-term effect was considered up to twelve weeks after baseline, medium-term was considered over twelve weeks but less than twelve months after baseline, and long-term effect was considered at least twelve months after baseline. When more than one timepoint was available for short-term effect, we considered the one closer to the end of the intervention. When outcome measures were not provided in the study, data were imputed following the Cochrane recommendations. 38 For bone mineral density, assessed regions varied across studies, so we arbitrarily decided to extract data, firstly, for leg or trunk. Then, data for other regions were considered in studies assessing other regions (i.e. tibia, femur, lumbar, and total bone mineral density).
Outcome data were pooled in meta-analysis using different health conditions and results were presented as standardized mean difference (SMD) with 95% confidence intervals (CIs). Between-trial heterogeneity was assessed using I 2 , and random-effects model was used considering clinical heterogeneity and when appropriate (i.e. I 2 ≥ 50%). 38 To judge the clinical relevance effects of changes provided by WBV, effect sizes were assessed using Cohen's benchmarks: d < 0.2 for small; d > 0.5 for medium; and >0.8 for large effects. 39 There are systematic reviews that pooled different disabilities 40 and it is known that this can impact on outcomes. 41 Thus, we conducted sensitivity analysis to investigate impact of methodological quality and health condition on estimated effects. 42 Software Comprehensive Meta-analysis 2.2.04 (Biostat, Englewood, NJ) was used for all analysis.
The Grading of Recommendations Assessment, Development and Evaluation (GRADE) system was used to summarize the overall quality of the current evidence. 43 The four levels of the GRADE system range from high-quality to very low-quality evidence. 43 Quality of evidence scoring for each outcome using GRADE started at high-quality evidence, which was downgraded by one point if one of the following criteria was present: (i) poor methodological quality for average PEDro score less than five out of 10; (ii) inconsistency of estimates among trials for I 2 ≥ 50%, heterogeneity or absence of pooling; (iii) indirectness when participants were selected by no reliable methods or when their inclusion criteria in any of the analyzed trials was not clear; (iv) imprecision for samples <300 participants for each outcome 44 ; and (v) publication bias or when its analysis was not possible due to small number of trials (i.e. n < 10 trials). 45 Tw o independent reviewers (HRL and ACRC) assessed current evidence and a third reviewer (VCO) resolved potential discrepancies.
Results

Flow of the studies through the review
Searches identified 2012 references, 73 potential full-texts were assessed for our eligibility criteria, and 15 original studies were included in this review (Fig. 1) .
Characteristics of the included studies
Characteristics of included trials are in 
Quality
Mean methodological quality of included trials was 5.5 out of 10 on the PEDro scale (scores ranged from 4.0 to 8.0). Methodological issues included: absence of concealed allocation (n = 8 studies, 53%); absence of report of similar groups at baseline (n = 2 studies, 14%); blinding of therapist (n = 0 study, 0%), participant (n = 0 study, 0%) and assessors (n = 5 studies, 33%); more than 15% dropouts (n = 7 studies, 53%); and intention-to-treat analysis (n = 5 studies, 33%). Detailed assessment of methodological quality of included trials is in 49 and amplitude was less than 6 mm. WBV programs were static (duration per session ranged from 5 to 20 min or dynamic (duration per session ranged from 3 to 20 min, two to five times per week, with total duration ranging from three to twenty four weeks).
Health conditions
Outcomes
The investigated primary outcomes included those related to body structure and function (i.e. lean body mass, bone mineral density, knee strength extension and overall stability) and secondary outcomes those related to activity and participation (i.e. gait speed, walking distance, gross motor function, self-care and mobility). All trials reported shortand medium-term effects only.
Effectiveness of whole body vibration
Effects of WBV compared with minimal intervention and its additional effects to other intervention were analyzed separately by health condition, and results were presented by the ICF's domains: Fig. 2 presents the results for outcomes related to the body structure and function domain (our primary outcomes); and Fig. 3 presents the results for outcomes related to the activity and participation domains (our secondary outcomes).
Effects of whole body vibration compared to minimal intervention
Body structure and function Only one trial including 24 children with Down syndrome 50 showed a large effect of WBV on lean body mass at mediumterm follow-up when compared to minimal intervention, SMD was 2.0 (95% CI 1.0---3.0). Other two trials including overweight participants 51 and Down syndrome 55 showed no effects on total bone mineral density and leg bone mineral density at short-and medium-term follow-up, respectively. SMDs were respectively: −0.2 (95% CI −1.1 to 0.7) 51 and −0.3 (95% CI −1.1 to 0.5). 55 Current evidence showing a large effect of WBV on lean body mass at medium-term in children with Down syndrome is very-low quality. Furthermore, evidence that additional effect of WBV does not increase total and leg bone mineral density at short-and medium-terms in overweight participants and Down syndrome was very-low as well.
Additional effects of whole body vibration compared to other intervention
Neurological condition
Body structure and function impairment (Fig. 2) : pooled estimates showed no additional effects of WBV on leg bone mineral density at medium-term follow up; SMD was −0.1 (95% CI −1.2 to 1.0). However, pooled estimates for trunk bone mineral density showed additional effect at mediumterm follow up; SMD was 0.6 (95% CI 0.1---1.0). For knee strength extension, the pooled estimates [SMD = 5.1 (95% CI 4.1---6.1)] and SMD from one study 0.1 (95% CI 0.2---1.7) showed additional effects of WBV on short-and mediumterm follow up, respectively. Taken together, the evidence was low quality and indicated that additional effect of WBV provides a medium effect size on trunk bone mineral density, and low and large effect on knee strength extension at short and medium-term follow-up, respectively. SMD from one study showed additional effects of WBV on overall stability 1.4 (95% CI 0.6---2.1) at medium-term follow up, but the pooled estimates did not show significant effects at short-term follow up; SMD was 0.4 (95% CI −1.4 to 2.3). The strength of the evidence ranged from low to very-low quality and indicated a large effect size that additional effect of WBV improve overall stability at medium-term follow up but not in short. (Fig. 3) : Pooled estimates showed additional effects of WBV on gait speed at short-term follow up; SMD was 1.2 (95% CI 0.7---1.8). However, one study did not find a positive effect of WBV on gait speed at medium term follow up; SMD was 1.0 (95% CI −0.0 to 2.1). The evidence, which ranged from low to very-low quality, indicated that additional effect of WBV provides a large effect on gait speed at short-term follow up compared to other interventions. investigating cerebral palsy showed a positive effect of WBV on walking distance 3.7 (95% CI 2.4---4.6), standing 1.1 (95% CI 0.4---1.9) and running, walking and jumping gross motor function domains 3.5 (2.4---4.6) at short-term follow up. However, the SMDs from individual studies did not find any effect at medium-term follow up for total gross motor function 0.1 (95% CI −0.7 to 0.9), self-care 0.2 (95% CI −0.5 to 1.0), mobility 0.6 (95% CI −0.2 to 1.4), standing 0.3 (95% CI −0.7 to 1.3) and walking, running and jumping 0.7 (95% CI −0.3 to 1.7) at medium-term follow-up. Taken together, the strength of the evidence was very-low quality that additional effects of WBV provides a large effect on walking distance and gross motor function domains at short-term follow up.
Activity and participation limitation
Musculoskeletal condition
Body structure and function impairment (Fig. 2) : SMDs from individual studies showed a large effect of additional effect of WBV on lean body mass 1.1 (95% CI 0.2---2.1) in children with osteogenesis imperfecta at medium-term follow-up. For leg (SMD = 2.9 [95% CI 1.8---3.9]; −0.1 [95% CI −1.0 to 0.8]) and trunk bone mineral density (SMD = 2.9 [95% CI 1.8---3.9]; 0.1 [95% CI −0.7 to 1.0]) the studies showed a large effect of WBV at short-term (hemophilia) and mediumterm (osteogenesis imperfecta) follow-up, respectively. One study showed no effect of WBV on knee strength extension in children with hemophilia at short-term follow up; SMD was 6.6 (95% CI 4.8---8.5). The quality of evidence was very low.
Activity and participation limitation (Fig. 3) : SMDs from individual studies showed a large effect of additional effect of WBV on walking distance 1.1 (95% CI 0.3---1.9) at short term follow up in children with hemophilia, but no effect 0.0 (95% CI −0.4 to 1.8) at medium term follow-up in children with osteogenesis imperfecta compared to other interventions. The quality of evidence was very low.
Burn-related condition
Body structure and function impairment: SMD from one study showed a large effect of additional WBV on leg −1.3 (95% CI −2.3 to −0.3) and trunk lean mass −1.6 (−2.6 to −0.6), and trunk bone mineral density 1.7 (95% CI 0.6---2.7), but not for knee strength extension −3.4 (95% CI −4.8 to −2.0) and leg mineral density 0.7 (95% CI −0.2 to 1.7) in burned children at short-term follow-up. The quality of evidence was very low.
Sensitivity analysis
The sensitivity analysis investigated the impact of poor methodological quality (removing trials with PEDro score <5 out of 10) and health condition (removing heterogeneous disabilities). Methodological quality suggested impact on trunk bone mineral density [SMD = 0. 
Discussion
This review aimed to summarize the current evidence of the effects of WBV, alone or combined, on deficiencies and limitations in children and adolescents with disabilities at short and medium-term follow-up. The estimates results were obtained from three studies comparing WBV versus minimal intervention and twelve studies comparing additional effect of WBV versus other interventions. In general, WBV compared to minimal intervention either showed no significant benefit in deficiencies of body structure and function, or the quality evidence was very-low quality to be clinically worthwhile. Pooled results indicated that additional effect of WBV provides a low to high effect size on deficiencies and activity limitations compared to other interventions, but these trials showed very-low to low quality evidence.
It has been speculating that WBV stimulates a moving pattern which activates spinal neurons leading to compensatory muscle contraction in leg and trunk. 56 The muscle performance benefit is probably caused by neurogenic pathways potentiation involving spinal reflexes and muscle activation, called tonic vibration reflex. 57, 58 The mechanism causing strength and power increases from acute vibration is still being debated. However, the current proposal is that vibration provides a mechanical stimulus that causes the muscle fibers to stretch, thereby evoking a natural stretch, which enhances the neuromuscular function through neurogenic excitability and recruitment. 57, 59, 60 Thus, this neural activation are related to muscle improvement, similar to those neural changes seen after conventional resistance and power training. 57, 61 Then, WBV training have been associated with increased muscle strength in disabled children with neurological and musculoskeletal conditions. 53 Beyond vibration training (vertical or rotation) to be able to improve peak muscle forces (mechanical loading), increase of bone mass are expected probably due to the mechanostat theory. 56, 62 The WBV approach would serve as an anabolic stimulus impeding bone loss in children with neurologic, musculoskeletal and burn-related conditions. 21, 49 In another way, the high-frequency mechanical stimuli of the WBV which are generated by a vibrating platform stimulate sensory receptors 50 also may be considered appropriate to improve the overall stability in neurological conditions. 20 Although secondary outcomes such as gait capacity (gait speed and walking distance) and gross motor function (standing dimension and walking, running and jumping dimension) improved in children with neurologic conditions, 22, 23, 48 the extent of its effect and the underlying mechanism are unknown. The increase of primary outcomes like bone mass and muscle strength may be associated. 56, 63 Due to small number of studies, the selected studies compared WBV with a large range of other interventions (i.e., progressive resistance exercise, aerobic conditioning and conventional physical therapy), disabilities (i.e., cerebral palsy, Down syndrome, osteogenesis imperfecta, hemophilia, overweight and burned children) and protocols settings. Despite the comparison of different outcomes and protocols, the trials typically showed no significant difference in outcomes between the groups, or a small to high effect in favor of WBV, but the high effect sized found was too wide. Furthermore, the sensitivity analysis of the present study (i.e., by health condition and methodological quality) revealed no impact on the majority of the outcomes, except for trunk bone mineral density in children with neurological conditions. Taking together, the findings limits to include some clinical worthwhile effects.
Previous systematic review 33 showed effects of WBV on health-related physical fitness (body composition, cardiorespiratory fitness, flexibility, muscular strength, and muscular endurance) of children and adolescents with disabilities. Other systematic reviews also suggested positive effects of WBV in children with cerebral palsy, 27, 64, 65 osteogenesis imperfecta, 66 syndrome de down 33 and Duchenne. 67 Findings for some of the investigated outcomes of interest were not consistent with ours and a potential explanation is the methods. Previous studies did not follow PRISMA statement, 35 they included low-quality studies (i.e. not randomized controlled trials), 32, 33 none effect size was estimated for clinical relevance of their findings 32,33,64---66 they did not investigate the impact of poor methodological quality on the estimated effects, 27, 32, 33, 65, 66 which compromises their clinical implications.
This present study throughout a high sensitive search strategy select eligible trials in all relevant databases, in accordance to Cochrane guidelines. 35 Searches were also done by searching of potential trials from hand searching. Although, it is reasonable that some studies might have been published in local databases and, as a consequence, they were not selected in this study. 68 Due this review included a small number of randomized trials the limited number of included studies and the high heterogeneity of conditions precluded pooling of data for the majority of the outcomes in this review. Futures high quality studies should clarify the impact of WBV (alone or combined) on deficiencies and limitations in children and adolescents stratified by disability type. Furthermore, studies should also evaluate the long-term effects of WBV, as well as investigate the impact of specific protocol settings, such as frequencies, amplitude and cumulative doses of WBV.
The present findings contribute to important information for clinicians, their patients and researchers. Enthusiasm with new expensive interventions suggesting improvements in the structure and body system in children and adolescent with disabilities need to be followed by scientific evidence.
Conclusion
This is the first systematic review with meta-analysis investigating effects of WBV in children and adolescents with disabilities. Current evidence is often very-low quality and recommendation of WBV in clinical practice is weak, mainly compared with minimal intervention. WBV combined with other intervention may improve some outcomes related to the ICF's body structure and function domain, and other outcomes related to the ICF's activity and participation domains short-and medium-terms. Further high-quality studies are warranted as they are likely to change current estimates.
